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Abstract
We apply the effective Lagrangian approach to investigate the role of the nucleon resonances in
ω meson photoproduction at energies near the threshold. The non-resonant amplitudes are taken
from the previous investigations at higher energies and consist of the pseudoscalar meson exchange
and the nucleon Born terms. The resonant amplitudes are calculated from effective Lagrangians
with the N∗ → γN and N∗ → ωN coupling constants fixed by the empirical helicity amplitudes
and the vector meson dominance model. The contributions from the nucleon resonances are found
to be significant in changing the differential cross sections in a wide interval of t and various
spin observables. In particular, we suggest that a crucial test of our predictions can be made by
measuring single and double spin asymmetries.
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I. INTRODUCTION
The study of the decays of a nucleon resonance (N∗) into a nucleon (N) and a vector
meson (V = ω, ρ, φ) is closely related to several aspects of intermediate and high energy
physics, ranging from resolving the so-called ”missing” resonance problem [1] to estimating
the medium modifications on the vector meson properties [2, 3, 4, 5]. Electromagnetic pro-
duction of vector mesons is one of the most promising reactions to determine the N∗ → NV
couplings experimentally, e.g., at Thomas Jefferson National Accelerator Facility, ELSA-
SAPHIR of Bonn, GRAAL of Grenoble, and LEPS of SPring-8. The ω meson photopro-
duction has some advantages because the non-resonant contribution to its total amplitude
is much better understood as compared with the other vector mesons[6].
The role of the nucleon resonances in ω meson photoproduction at relatively large energy
was studied by Zhao et al. [7, 8, 9], using the SU(6)×O(3) constituent quark model with an
effective quark-meson interaction. By fitting the model parameters to the existing data, they
found that the single polarization observables are sensitive to the nucleon resonances and
the dominant contribution at Eγ ≃ 1.7 GeV comes from the ”missing” F15(2000) resonance.
A recent analysis[10] of ω photoproduction in the same energy region makes use of the
constituent quark model [11, 12], which accounts for the configuration mixing due to the
residual quark-quark interactions [13]. In [10] the dominant contributions are found to be
from N 3
2
+
(1910), a missing resonance, and N 3
2
−
(1960), which is identified as the D13(2080)
of the Particle Data Group(PDG) [14]. As a result, the predicted single polarizations are
rather different from those of [7]. Hopefully, the data from near future will clarify the
situation.
It would be important to extend these studies to the low energy region, Eγ ∼ 1.1− 1.25
GeV, close to the omega production threshold, where the well established three- and four-
star nucleon resonances are expected to be important. Unfortunately neither the approach
of Ref. [7], nor of Ref. [10] could be applied for this investigation. The first approach[7]
does not include the configuration mixing. Therefore, the predicted low-lying N∗ states,
belonging to the [48, 70] representation, can not contribute to the resonance photo excitation
on the proton target because of the Moorhouse selection rule. That is, the contributions
from S11(1650), D15(1675), and D13(1700) resonances are strictly suppressed [15]. This
contradicts with the experimental data [14], which, for example, shows that photo excitation
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helicity amplitude A
1
2
p for S11(1650) resonance is finite and large. In general, one finds that
the SU(6)×O(3) quark model without configuration mixing forbids or suppresses most of
the low mass resonances.
While the second approach[10] makes use of the information from the constituent quark
model with configuration mixing, the N∗ → ωN transition amplitudes for the low-lying N∗’s
with mass less than 1.72 GeV are not available in Ref.[12]. To provide such information, some
extensions of the 3P0 model employed in Ref.[12] for predicting N
∗ → ωN are necessary.
As a possible solution of the problems mentioned above, we will follow the previous
studies of π [16, 17] and η-photoproduction [18] and apply the effective Lagrangian approach
to also describe the N∗ excitation. Our approach is similar to the recent work by Riska
and Brown[19], but with several significant differences. They fix the N∗Nω(ρ) effective
Lagrangians for the low mass resonances withMN∗ ≤ 1720 MeV by using the matrix elements
derived from the SU(6)×O(3) constituent quark model with no configuration mixing. For
the reasons mentioned above, an extension of their approach to also define the effective
Lagrangian for N∗ → γN coupling will be unrealistic because of the restriction of the
SU(6)×O(3) quark model. Thus their model is not applicable to a consistent investigation
using effective Lagrangian approach. In this work, we will start with the empirical N∗ → γN
amplitudes and then predict the needed N∗ → ωN coupling constants by using the vector
meson dominance assumption. This is similar to a recent work by Post and Mosel[20]. But
we will use a fully covariant formulation and explore in more detail the consequesncies of
this approach.
To proceed, we need to also consider non-resonant mechanisms. It is fairly well established
that the ω meson photoproduction is dominated by diffractive processes at high energies
and by the one-pion exchange and the standard nucleon Born terms at low energies. The
diffractive part is associated with the Pomeron exchange. In the near threshold energy the
Pomeron exchange contribution is negligible and can be safely neglected in this work.
The calculation of the one-pion exchange amplitude(Fig.1a) and the direct and crossed
nucleon terms(Figs. 1b and 1c) has been recently revived in Refs.[6, 10]. In this work we
use the parameters determined in Ref.[10] to evaluate these non-resonant amplitudes. Our
focus is to construct effective Lagrangians for calculating the resonant amplitude shown in
Fig. 1(d,e) and explore their consequences in determining various spin observables.
This paper is organized as follows. In Section II we define the kinematics and the non-
3
resonant amplitudes. Formula for calculating various spin observables will also be introduced
there. The effective Lagrangians for calculating the amplitudes due to the excitations of
nucleon resonances will be presented in Section III. In Section IV we present results and
predictions for future experimental tests. The summary is given in Section V.
II. KINEMATICS, NON-RESONANT AMPLITUDE AND OBSERVABLES
The scattering amplitude T of γp→ ωp reaction is related to the S-matrix by
Sfi = δfi − i(2π)4δ4(k + p− q − p′)Tfi, (1)
where k, q, p and p′ denote the four-momenta of the incoming photon, outgoing ω, initial
nucleon, and final nucleon respectively. The standard Mandelstam variables are defined as
t = (p−p′)2 = (q−k)2, s ≡W 2 = (p+k)2, and the ω production angle θ by cos θ ≡ k·q/|k||q|.
The scattering amplitude is written as
Tfi =
Ifi
(2π)6
√
2Eω(q) 2|k|2EN(p)2EN(p′)
, (2)
where Eα(p) =
√
M2α + p
2 with Mα denoting the mass of the particle α. The invariant
amplitude has two components
Ifi = I
BG
fi + I
N∗
fi , (3)
where the resonance excitation term IN
∗
fi will be derived in Sect. III. The non-resonant
(background) amplitude is
IBGfi = I
PS
fi + I
N
fi , (4)
with IPSfi , and I
N
fi denoting the amplitudes due to the pseudoscalar (π, η) meson ex-
change(Fig.1a), and the direct and crossed nucleon terms(Figs.1b and 1c), respectively.
We calculate IPSfi by using the following effective Lagrangians
Lωγϕ = e
Mω
gωγϕǫ
µναβ∂µων∂αAβ ϕ, (5)
LPS = −igpi0NN N¯γ5 τ3N π0 − igηNN N¯γ5N η, (6)
where ϕ = π0, η, and Aβ is the photon field. We use gpiNN/4π = 14 and gηNN/4π = 0.99
for the πNN and ηNN couplings, respectively. The ηNN coupling constant has some
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uncertainties, but our choice is within the range reported in literatures. The ωγφ coupling
constants can be estimated from the decay widths of ω → γπ and ω → γη [14]. This leads to
gωγpi = 1.823 and gωγη = 0.416. The ϕNN and ωγϕ vertices are regularized by the following
form factors
FϕNN(t) =
Λ2ϕ −M2ϕ
Λ2ϕ − t
, Fωγϕ(t) =
Λωγϕ
2 −M2ϕ
Λωγϕ
2 − t . (7)
We evaluate the direct and crossed nucleon terms by using the following interaction
Lagrangians
LγNN = −e
(
N¯γµ
1 + τ3
2
NAµ − κN
2MN
N¯σµν N∂νAµ
)
, (8)
LωNN = −gωNN
(
N¯γµNω
µ − κω
2MN
N¯σµν N∂νωµ
)
, (9)
with κp(n) = 1.79(−1.91). For the coupling constants we use gωNN = 10.35 and κω = 0,
which are close to the values determined in a study[17] of pion photoproduction. We follow
Ref.[22] to assume that the γNN and ωNN vertices in Figs.1b and 1c are regularized by
the following form factor
FB(r
2) =
Λ4B
Λ4N + (r
2 −M2B)2
, (10)
where MB and r are the mass and the four-momentum of the intermediate baryon state.
The values of cutoff parameters for the form factors Eqs.(7) and (10) have been de-
termined in a study[10] of γp → ωp at higher energies. Here we use their values with
Λpi = Λ
pi
ωγpi = 0.6 GeV/c, Λη = 1 GeV/c, and Λωγη = 0.9 GeV/c for Eq.(7), and
ΛB = ΛN = 0.5 GeV for Eq.(10). They are comparable to the values used in the liter-
ature and are sufficient for the present investigation. Other forms of form factors, such as
those proposed recently in Ref.[23], will not be considered in this work.
We calculate all observables in the center of mass system(c.m.s.). The differential cross
section is related to the invariant amplitude by
dσfi
dt
=
1
64π(W 2 −M2N)2
∑
λiλfλγλω
|Ifi|2, (11)
where λi, λγ are the helicities of the incoming nucleon and photon, and λf , λω are the he-
licities of the outgoing nucleon and ω meson. In this paper we will also investigate the
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single and double spin observables [24]. The considered single observables, vector beam
(Σx), target (Ty) and recoil (Py) asymmetries, are defined by
Σx =
Tr
[
Ifiσ
x
γ I
†
fi
]
Tr
[
Ifi I
†
fi
] = dσ⊥ − dσ‖
dσtot
, (12)
Ty =
Tr
[
Ifiσ
y
N I
†
fi
]
Tr
[
Ifi I
†
fi
] = dσsNy = 12 − dσsNy =− 12
dσtot
, (13)
Py =
Tr
[
Ifi I
†
fi σ
x
N ′
]
Tr
[
Ifi I
†
fi
] = dσsN′y = 12 − dσsN′y =− 12
dσtot
, (14)
where the subscript ⊥ (‖) corresponds to a photon linearly polarized along the y (x) axis;
sNy =
1
2
(−1
2
) corresponds to the case that the proton polarization is parallel (antiparallel)
to the y axis. At ω−meson production angle θ = 0, π, the amplitudes with the orbital
momentum projection ml 6= 0 vanish and the spin conserving argument results in
Σx = Ty = Py = 0, at θ = 0. (15)
For the outgoing ω meson we consider tensor asymmetry
Vz′z′ =
Tr
[
Ifi I
†
fi S
zz
ω
]
Tr
[
Ifi I
†
fi
] = dσsωz′=1 + dσsωz′=−1 − 2dσsωz′=0√
2dσtot
, (16)
where Szzω is the tensor polarization operator for a spin 1 particle [25] and s
ω
z is the ω meson
spin projection along the quantization axis z′. For the pseudoscalar π, η- exchange, which is
the dominant non-resonant amplitude, the tensor polarization may be written in a compact
form
V PSz′z′ =
3
2
√
2
[(
vω − cos θ
1− vω cos θ
)2
− 1
3
]
, (17)
where vω is the ω-meson velocity in c.m.s.. This expression shows that at θ = 0, V
PS
z′z′ = 1/
√
2.
The asymmetry V PSz′z′ has the simplest form in the Gottfried-Jackson frame in which the ω-
meson is at rest and the z axis is in the direction of the incoming photon momentum. In
this frame the helicity conserving pseudoscalar exchange amplitude has a simple form
IPSλωλγ ∼ λγδλωλγ , (18)
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which shows that the longitudinally polarized ω mesons are forbidden. As result, one get
the asymmetry V PSz′z′ to be constant at all θ
V PSz′z′ =
1√
2
. (19)
A deviation from this pseudoscalar meson-exchange value will measure the contributions
from other mechanisms. We will see that the contribution of other channels illustrated in
Fig.1, especially at large θ, leads to deviation from this value.
We will also consider the beam-target double asymmetry, defined as
CBTzz =
dσ(↑↓)− dσ(↑↑)
dσ(↑↓) + dσ(↑↑) , (20)
where the arrows represent the helicities of the incoming photon and the target protons.
III. EXCITATION OF NUCLEON RESONANCES
For evaluating the resonant amplitude I
N∗
L
fi , we consider the isospin I = 1/2 nucleon res-
onances listed by PDG[14]. However only the resonances with the empirical helicity ampli-
tudes of γN → N∗ transitions given by PDG can be included in our approach, as will be clear
below. We thus have contributions from 12 resonances: P11(1440), D13(1520), S11(1535),
S11(1650), D15(1675), F15(1680), D13(1700), P11(1710), P13(1720), F17(1990), D13(2080),
and G17(2190). Our first task here is to define effective Lagrangians for reproducing the
empirical helicity amplitudes for the γN → N∗ transitions for these resonances.
For the N∗ with spin J = 1
2
, the effective Lagrangians for the γNN∗ interactions are
chosen to be of the form of the usual γNN interaction. But only the tensor coupling is kept,
since the vector coupling violates the gauge invariance for the considered MN∗ 6= MN cases.
This ”minimal” form of Lagrangian, previously used in the study of η-photoproduction [18],
is
L
1
2
±
γNN∗ =
egγNN∗
2MN∗
ψ¯N∗ Γ
(±)σµνF
µνψN + h.c., (21)
where ψN , ψN∗ and Aµ are the nucleon, nucleon resonance, and photon fields, respectively,
and F µν = ∂νAµ − ∂µAν . The coupling Γ+ = 1(Γ− = γ5) defines the excitation of a
positive(negative) parity N∗ state.
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For the N∗ with spin J = 3
2
, we use the expression introduced in Refs. [16, 18, 26]
L
3
2
±
γNN∗ = i
egγNN∗
MN∗
ψ¯µN∗ Oµν(Z)γλΓ
(∓)F λνψN + h.c., (22)
where ψα is the Rarita-Schwinger spin-
3
2
baryon field. The off-shell operator Oµν(Z) is
Oµν(Z) = gµν +
[
1
2
(1 + 4Z)A+ Z
]
γµγν , (23)
where A is an arbitrary parameter, defining the so-called ”point transformation”. Since the
the physical amplitudes are independent of A, we follow Ref.[18] to choose A = −1. When
both N and N∗ are on-mass-shell, Eq. (22) is equivalent to the form commonly used[27, 28]
in the investigation of pion photoproduction.
The effective Lagrangians for the resonances with JP = 5
2
±
, 7
2
±
are constructed by the
analogy with the previous case
L
5
2
±
γNN∗ =
egγNN∗
M2N∗
ψ¯µαN∗ Oµν(Z)γλΓ
(±)(∂αF
λν)ψN + h.c., (24)
L
7
2
±
γNN∗ = −i
egγNN∗
M3N∗
ψ¯µαβN∗ Oµν(Z)γλΓ
(∓)(∂β∂αF
λν)ψN + h.c., (25)
where ψαβ , and ψαβγ are the Rarita-Schwinger spin
5
2
and 7
2
field, respectively. The interac-
tion (24) is a covariant generalization of non-relativistic expression used in Ref. [2].
We define the ωNN∗ coupling by using the vector dominance model (VDM). It amounts
to assuming that the electromagnetic and vector meson fields are related to each other by
Aµs =
em2ω
2γω
ωµ, Aµv =
em2ρ
2γρ
ρµ, (26)
where As(v) is the isoscalar (isovector) part of electromagnetic field. The coupling strengths
γω = 8.53 and γρ = 2.52 are fixed by the electromagnetic ω → e+e−, ρ→ e+e− decays [6]. In
the VDM approach the effective LωNN∗ Lagrangian has the same form as the corresponding
LγNN∗ with substitution
Aµ → ωµ, egγNN∗ → fω, (27)
with
fω = 2gsγω. (28)
The scalar coupling constant gs is related to the strengths of the N
∗ excitations on the
proton(gp = gγpN∗) and on the neutron(gn = gγnN∗)
gs =
gp + gn
2
. (29)
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With the Lagrangians for γNN∗ and ωNN∗ couplings specified above, we can calculate
the invariant amplitudes for the N∗ excitation mechanisms illustrated in Figs. 1d and 1e.
The resulting invariant amplitudes have the following form
I
(N∗)
fi = egγNN∗fωNN∗u¯(p
′)Aµν(N∗)u(p)εω∗µ εγν , (30)
where the operators Aµν are completely defined by the effective Lagrangians (21) - (24)
A
1
2
±
µν = −egγNN∗fωNN∗
M2N∗
[
γµ 6qPs±(N∗)γν 6k FN∗(s) + γν 6kPu±(N∗)γµ 6q FN∗(u)
]
, (31)
A
3
2
±
µν = ∓
egγNN∗f
ωNN∗
(M2N∗
Γ(∓) [W
α
µPsαβ(N∗)Eβν FN∗(s)
+E
α
µPuαβ(N∗)W βν FN∗(u) ] Γ(∓), (32)
A
5
2
±
µν = ±
egγNN∗fωNN∗
M4N∗
Γ(±) [W
α
µq
α′Psαα′,ββ′(N∗)kβ
′
EβνFN∗(s)
+E
α
µk
α′Puαα′,ββ′(N∗)qβ
′
W βν FN∗(u) ] Γ
(±) (33)
A
7
2
±
µν = ∓
egγNN∗fωNN∗
M6N∗
Γ(∓) [W
α
µq
α′qα
′′Psαα′α′′,ββ′β′′(N∗)kβ
′
kβ
′′
Eβν FN∗(s)
+E
α
µk
α′kα
′′Puαα′α′′,ββ′β′′(N∗)qβ
′
qβ
′′
W βν FN∗(u) ] Γ
(∓) (34)
In the above equations, we have introduced
W
α
µ = ( 6q gµν − γµqν)Oνα(X), E
α
µ = ( 6k gµν − γµkν)Oνα(X),
W αµ = O
αν(X) ( 6q gµν − γµqν), Eαµ = Oαν(X) ( 6k gµν − γµkν). (35)
The resonance propagators P(N∗) in Eqs.(31)-(34) are defined by making use of the con-
ventional prescription [29] that the following spectral decomposition of the N∗ field is valid
ψN∗(x) =
∫
d3p
(2π)3
√
2Ep
[
ap,r u
r
N∗(p)e
−ipx + b+
p,r v
r
N∗(p)e
+ipx
]
, (36)
where uN∗ , vN∗ are the Rarita-Schwinger spinors. The finite decay width ΓN∗ is introduced
into the denominators of the propagators by the substitutionMN∗ → MN∗− i2ΓN∗ . Explicitly,
we then have for the J = 1
2
case(Eq.(31))
P±(N∗) = Λ
±(p,MN∗)
p2r −M2N∗ + iΓN∗MN∗
, (37)
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The the spin projection operators Λ±(p,M) in the above equation are defined by the bilinear
combinations of the Rarita-Schinger spinors
Λ+(p,M) =
1
2
∑
r
(
(1 +
p0
E0
)ur(p, E0)⊗ u¯r(p, E0)
−(1 − p0
E0
)vr(−p, E0)⊗ v¯r(−p, E0)
)
= 6p + M,
Λ−(p,M) = 6p − M (38)
where E0 =
√
p2 +M2, u and v are the usual Dirac spinors. The projection operators Pab
with a = α, αβ, αβγ, in Eqs.(32) - (34) take the same form of Eq.(37), except that their
projection operators have the following higher-rank tensor forms
Λαβ(p,M) =
1
2
∑
r
(
(1 +
p0
E0
)U rα(p, E0)⊗ U¯ rβ(p, E0)
−(1 − p0
E0
)Vrα(−p, E0)⊗ V¯rβ(−p, E0)
)
; (39)
Λαβ,γδ(p,M) =
1
2
∑
r
(
(1 +
p0
E0
)U rαβ(p, E0)⊗ U¯ rγδ(p, E0)
−(1 − p0
E0
)Vrαβ(−p, E0)⊗ V¯rγδ(−p, E0)
)
, (40)
Λαβγ,δσξ(p,M) =
1
2
∑
r
(
(1 +
p0
E0
)U rαβγ(p, E0)⊗ U¯ rδσξ(p, E0)
−(1 − p0
E0
)Vrαβγ(−p, E0)⊗ V¯rδσξ(−p, E0)
)
, (41)
where the Rarita-Schwinger spinors are defined by
U rα(p) =
∑
λ,s
〈1 λ 1
2
s| 3
2
r〉 ελα(p) us(p),
U rαβ(p) =
∑
λ,λ′s,t
〈1 λ 1
2
s| 3
2
t〉 〈3
2
t 1 λ′| 5
2
r〉 ελα(p) ελ
′
β (p) u
s(p),
U rαβγ(p) =
∑
λ,λ′,λ′′,s,t,w
〈1 λ 1
2
s| 3
2
t〉 〈3
2
t 1 λ′| 5
2
w〉 〈5
2
w 1 λ′′| 7
2
r〉 ελα(p) ελ
′
β (p) ε
λ′′
γ (p) u
s(p).(42)
The spinors v and V are related to u and U as v(p) = iγ2 u∗(p) and V(p) = iγ2 U∗(p),
respectively. The polarization four-vector ελµ for a spin-1 particle with spin projection λ,
four-momentum p = (E,p) and mass m, is
ελ(p) =
(
ǫ
λ · p
m
, ǫλ +
p (ǫλ · p)
m(E +m)
)
, (43)
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where the three-dimensional polarization vector ǫ is defined by
ǫ
±1 = ∓ 1√
2
( 1, ±i, 0 ), ǫ0 = ( 0, 0, 1 ). (44)
At first glance it seems that the spin projection operator Eq.(39) for J = 3
2
N∗ is rather
different from the commonly used on-shell operator Λαβ(p,M), which may be obtained [30]
from the Rarita-Schwinger spinors
Λαβ(p,M) =
∑
r
U rα(p)⊗ U¯ rβ(p)
= −
[
gαβ − 1
3
γαγβ − γαpβ − γβpα
3M
− 2pαpβ
3M2
]
( 6p + M). (45)
We now note that at the on-shell p2 = M2 point, the contribution from of the second terms
in Eqs.(39) vanishes and Λαβ(p,M) = Λαβ(p,M).
There are some arbitrariness in defining the propagators of higher spin particles. In
this work we use the prescription based on Eqs.(31)- (33) and Eqs.(38) - (40) because (i)
it coincides at mass shell with the well known spin 3
2
propagator Eq.(45) and (ii) it gives
correct off-shell behavior for 1
2
baryons. We remark that the form Eq.(45) for J = 3
2
particles
has some unphysical features for the off-shell p2 6= M2 cases, which can not be fixed for both
the s and u channel N∗ excitations by making the simple substitution[39] M →
√
p2.
The effect of the finite resonance decay width is quite different for s and u channels,
because of the evident relation |u| +M2N∗ ≫ |s −M2N∗ |. Therefore, for simplicity, for the
u channels we use a constant value ΓN∗ = Γ
0
N∗ . For the s channels the energy-dependent
widths are calculated according to Ref.[32]
Γ(W ) =
∑
j
Γj
ρj(W )
ρj(MN∗)
. (46)
where Γj is the partial width for the resonance decay into the jth channel, evaluated at
W ≡ √s = MN∗ . The form of the ”space-phase” factor ρj(W ) depends on the decay channel,
the relative momentum qj of the outgoing particles, and their relative orbital momentum
lj . It provides proper analytic threshold behaviour ρj(W ) ∼ q2lj+1j as qj → 0 and becomes
constant at high energy [33].
Our next task is to fix the coupling constants in the effective Lagrangians Eqs.(21),(22),
(24), and (25). They can be calculated by using the empirical helicity amplitudes listed by
Particle Data Group [14]. For the spin J = 1
2
resonances we find that
ega = ± C
2
√
2k∗
A
1
2
a , (47)
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with
k∗ =
M2N∗ −M2N
2MN∗
, C =
√
8MNMN∗k∗ (48)
and a = p, n, s.
For spin J = 3
2
, 5
2
, 7
2
particles, the relations between the helicity amplitudes and coupling
constants are given by
JP =
3
2
±
ega = ±
√
3C
2MN
MN∗
k∗
A
1
2
a , ega = ±
C
2MN∗
MN∗
k∗
A
3
2
a , (49)
JP =
5
2
±
ega = ∓
√
5C
2MN
(
MN∗
k∗
)2
A
1
2
a , ega = ∓
√
5C
2
√
2MN∗
(
MN∗
k∗
)2
A
3
2
a , (50)
JP =
7
2
±
ega = ±
√
35C
4MN
(
MN∗
k∗
)3
A
1
2
a , ega = ±
√
21C
4MN∗
(
MN∗
k∗
)3
A
3
2
a , (51)
The above equations lead to the relations: A3/2/A1/2 =
√
3MN∗/MN , (
√
2MN∗/MN) and
(
√
5MN∗/
√
3MN ), for the resonances with J
P = 3
2
±
(5
2
±
) and (7
2
±
), respectively. Since this
strong correlation is not observed for all resonances, we evaluate g by normalizing it to
(A
1/2
a )2 + (A
3/2
a )2 and taking it’s sign to be the sign of the dominant component. Instead of
using the above two equations, we therefore calculate the coupling constants for J = 3
2
, 5
2
,
and 7
2
particles by using the following relations:
JP =
3
2
±
ega = ±S
3
2
a
√
3C
2
√
3M2N∗ +M
2
N
MN∗
k∗
(
(A
1
2
a )
2 + (A
3
2
a )
2
) 1
2
,
S
3
2
a = sign(A
1
2 )θ(ha) + sign(A
3
2 )θ(−ha), ha = |A
1
2
a | − 1√
3
MN
MN∗
|A
3
2
a |; (52)
JP =
5
2
±
ega = ∓S
5
2
a
√
5C
2
√
2M2N∗ +M
2
N
(
MN∗
k∗
)2 (
(A
1
2
a )
2 + (A
3
2
a )
2
) 1
2
,
S
5
2
a = sign(A
1
2 )θ(ha) + sign(A
3
2 )θ(−ha), ha = |A
1
2
a | − 1√
2
MN
MN∗
|A
3
2
a |. (53)
JP =
7
2
±
12
ega = ±S
7
2
a
√
105C
4
√
5M2N∗ + 3M
2
N
(
MN∗
k∗
)2 (
(A
1
2
a )
2 + (A
3
2
a )
2
) 1
2
,
S
5
2
a = sign(A
1
2 )θ(ha) + sign(A
3
2 )θ(−ha), ha = |A
1
2
a | −
√
3
5
MN
MN∗
|A
3
2
a |. (54)
In above equations, we have defined θ(a) = 1, (0) for a > (<)0 and sign(A) = A/ | A |
denoting the sign of A. Obviously, our procedure can be used to investigate the N∗ excitation
in γN → ωN reaction only for the resonances with γN → N∗ helicity amplitudes given by
PDG.
IV. RESULTS AND DISCUSSION
To perform calculations, the parameters of the γN → ωN amplitudes defined in Sections
II and III must be specified. As discussed in section II, the parameters of the non-resonant
amplitudes are taken from our previous study of γp → ωp reaction at higher energies [10].
We therefore only need to choose the parameters of the resonant amplitudes developed in
Sec. III. These parameters are: the coupling constants gγNN∗ and fωNN∗ in Eqs. (31) - (34),
the cut-off parameters ΛN∗ for the γNN
∗ and ωNN∗ form factors of the form of Eq. (10),
and the off-shell parameters Z of Eq.(23) for the higher spin resonances.
The coupling constants, gγNN∗ , are obtained by using the empirical helicity amplitudes
listed by the Particle Data Group(PDG) [14] to evaluate Eqs. (28), (29), (47), (52) - (54).
The corresponding fωNN∗ constants are then obtained by using the relations (27)-(29) of
the vector meson dominance model. Because of the uncertainties in the empirical helicity
amplitudes, we consider two cases(models). In the model I we use the central values of PDG’s
helicity amplitudes A
1
2
p(n), A
3
2
p(n). These empirical helicity amplitudes for the considered N
∗’s
along with the calculated γNN∗ and ωNN∗ coupling constants are listed in Table I. Note
that some high mass resonances listed by PDG are not included in Table I. These resonances
can not be included in our investigation because of their γN → N∗ helicity amplitudes are
not available. These resonances are expected to have negligible effects in the near threshold
region.
Concerning the off-shell parameter Z, we take the simplest approach by setting Z = −1/2
such that the second term of Eq.(23) does not contribute. This is a rather arbitrary choice,
but is supported by our finding that the calculated amplitude is rather insensitive to Z in a
very wide range of −5 ≤ Z ≤ +5. This is due to the fact that the dominant N∗ contribution
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comes from the s-channel diagram(Fig.1d) for which γαΛα··(ps,MN∗) ≃ 0 for all projection
operators Λ defined in Eqs.(35)-(41). As a result, the contributions from the Z-dependent
terms in Eq.(23), which are proportional to γµγν , are very small.
With the above specifications, the only free parameters of model I are the cut-off ΛN∗i
for each of resonances. For simplicity, we assume the same cutoff for all N∗’s and set
ΛN∗i = ΛN∗ . We then find that the unpolarized differential cross sections at low energies
can be best described by setting ΛN∗=0.7 GeV/c. The result is the solid curve shown in the
left-side of Fig.2. The predicted beam asymmetry is the dashed curve in Fig.3. Obviously,
the model I does not give a good account of the data displayed in Figs. 2 and 3.
The use of the central values of the empirical helicity amplitudes as input to our calcu-
lations is perhaps too restrictive. We therefore consider model II by allowing the values of
γNN∗ and ωNN∗ coupling constants to vary within the ranges allowed by the uncertainties
of the empirical helicity amplitudes. We then find that it is possible to get a good descrip-
tion of the existing data of both the unpolarized differential cross section at Eγ = 1.23
GeV [34] and the beam asymmetry at Eγ = 1.175 GeV [35]. The results are the solid curve
in the right-hand-side of Fig.2 and the dot-dashed curve in Fig.3. The resulting parameters
which are different from those of model I are listed in Table II. The cutoff used in this fit is
ΛN∗ = 0.75 GeV/c.
In Fig. 2 we also show the contributions from the non-resonant amplitude (dot-dashed
lines) and from the resonance excitation (dashed line). We see that the resonant contribu-
tions in two models have rather different t-dependent. The much larger resonant contribution
in model II(right-hand-side of Fig.2 clearly is essential in obtaining the agreement with the
data. The parameters of model II, listed in Table II, are very suggestive in future determi-
nation of the N∗ parameters. We have also found that the dominant contribution to the
non-resonant amplitude comes from the pseudoscalar exchange. This is consistent with our
finding[10] in the investigation at higher energies.
More sizeable differences between the constructed two models can be seen in Fig. 3
for the beam asymmetry at Eγ = 1.175 GeV. The non-resonant amplitude alone yields
zero asymmetry. The negative asymmetry is due to the interference between the non-
resonant and resonant amplitudes. We find that the dominant resonant contribution in
both models comes from the excitation of F15(1680) state. To illustrate this, we show in
Fig. 4 the beam asymmetry calculated from keeping only the F15(1680) term in the resonant
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amplitude. We see that the main feature of the beam asymmetry can be obtained( dashed
and dot-dashed curves) from the interference between this resonance state and the non-
resonant amplitude. The next large contribution comes from the excitation of D13(1520),
S11(1650) and P13(1720) states. Their role in determining the beam asymmetry is rather
different. The D13(1520) resonance gives constructive interference with F15(1680), while
the S11(1650), P13(1720) excitations interfere destructively and reduce the absolute value of
asymmetry.
With the model II constructed above, we perform calculations at Eγ = 1.125, 1.175, and
1.23 GeV for future experimental tests. The predicted differential cross sections are the thick
solid curves shown in Fig. 5. Here, we also show the contributions from various mechanisms
illustrated in Fig.1. One can see that the contributions from the direct and crossed nucleon
terms(short dashed curves) and N∗ excitations(dashed curves) are instrumental in getting
differential cross sections which are much flatter than those calculated from keeping only
the pseudo scalar meson exchange (thin solid curves).
The predicted beam asymmetries, Σx, are shown in Fig. 6. The calculations keeping only
the non-resonant amplitude yield almost zero asymmetries(dot-dashed curves). Inclusion
of the resonance excitation results in negative asymmetry, in agreement with the data at
Eγ = 1.125 and 1.175 GeV.
In Figs. 7,8 we depict the predicted target asymmetry(Ty) and recoil asymmetry(Py).
Again, one can see that resonance excitation results in large deviations from the pure non-
resonant limit(dot-dashed curves).
In Fig. 9 we show our predictions for the tensor Vz′z′ asymmetry calculated in the
Gottfried-Jackson system. The dot-dashed curves are calculated from keeping only the
non-resonant amplitudes. Clearly, these are close to the value 1/
√
2 of Eq.(19) due to only
the pseudoscalar meson exchange. The resonance excitations enhance greatly the contribu-
tion from the longitudinally polarized outgoing ω mesons and hence bring Vz′z′ to negative
values.
The predicted double beam-target asymmetry is shown in Fig. 10. Here we see even
more dramatic effects due to N∗ excitations. The non-resonant amplitude yields positive
asymmetry. Adding the resonant contributions, the asymmetries at low Eγ become negative
and have very different dependence on scattering angles.
The results presented above obviously reflect the consequences of the not-well-determined
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ωNN∗ coupling constants. It is therefore interesting to compare our values with those
determined in the recent works by Post and Mosel [20], Lutz, Wolf and Friman [36], and
Riska and Brown [19]. The form of the effective Lagrangians given in Ref.[20] can be obtained
from our expressions by making the non-relativistic reductions. In this case the comparison
can be made easily. For other two cases their relations with ours are not obvious because of
the use of different couplings schemes. However, by making the non-relativistic reductions
and keeping the leading terms which would be dominant near the ω production threshold,
we can cast our Lagrangians into their forms and the comparisons of the coupling constants
can then be made. The resulting relations are
f
JP= 1
2
+
ωNN∗ ⇒
MN∗
mω
f
JP= 1
2
+
ωNN∗ (Ref.[20]),
MN∗
M∗N +M
g
JP= 1
2
+
ωNN∗ (Ref.[19]),
f
JP= 1
2
−
ωNN∗ ⇒
MN∗
mω
f
JP= 1
2
−
ωNN∗ (Ref.[20]),
MN∗
M∗N −M
g
JP= 1
2
−
ωNN∗ (Ref.[19]),
⇒ MN∗√
3(M∗N −M)
f
JP= 1
2
−
ωNN∗ (Ref.[36]),
f
JP= 3
2
+
ωNN∗ ⇒
MN∗
2mω
f
JP= 3
2
+
ωNN∗ (Ref.[20]),
MN∗
M∗N +M
g
JP= 3
2
+
ωNN∗ (Ref.[19]),
f
JP= 3
2
−
ωNN∗ ⇒
MN∗
mω
f
JP= 3
2
−
ωNN∗ (Ref.[20]),
MN∗ +MN
4M
g
JP= 3
2
−
ωNN∗ (Ref.[19]),
⇒ MN∗
(M∗N −M)
f
JP= 3
2
−
ωNN∗ (Ref.[36]),
f
JP= 5
2
+
ωNN∗ ⇒
M2N∗
m2ω
f
JP= 3
2
−
ωNN∗ (Ref.[20]),
M2N∗
am2ω
g
JP= 3
2
−
ωNN∗ (Ref.[19]),
with a2 ≃ 1 + 4M
2(MN∗ −M)2
m4ω
+
2M(MN∗ −M)2
m2ω
+ . . . ,
f
JP= 5
2
−
ωNN∗ ⇒
M2N∗
2m2ω
g
JP= 3
2
−
ωNN∗ (Ref.[19]), (55)
where the factor a accounts the enhancement of transversely polarized ω in our model.
The comparison is given in Table III. We see that there are some reasonable agreements
between the considered four approaches. On the other hand, very large differences exist in
several cases. This is not surprising at this stage of development. Only the use of more
experimental data, such as the spin observables discussed in this work, can improve the
situation.
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V. SUMMARY
In summary, we have investigated the role of nucleon resonances in ω photoproduction
in the near threshold energy region by using the effective Lagrangian approach and the
vector dominance model. By using the empirical helicity amplitudes of γN → N∗ transi-
tions, a phenomenological model( model II) has been obtained to give a good description
of the existing data of both the differential cross sections at Eγ = 1.23 GeV and the beam
asymmetry at Eγ = 1.125 and 1.175 GeV. We have found that in the near threshold en-
ergy region Eγ ≤ 1.25 GeV, the dominant resonant contribution comes from F15(1680) and
D13(1520) N
∗ states. The single and double polarization observables are strongly modified
by the N∗ excitations. It will be interesting to obtain data for testing our predictions given
in Figs.(6)-(10).
To end, we emphasize that the tree-diagram calculations based on effective Lagrangian
approach is known to be valid only in the energy region close to threshold. For investigating
N∗ effects at higher energies, it is necessary to include the initial and final state interactions.
A dynamical approach, similar to what has been developed[17] for pion photoproduction,
may have to be developed.
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TABLE II: The helicity amplitudes Aλ and coupling constants for the model II which values are
different from the corresponding values listed in the Table I. Notation is the same as in Table I.
N∗ MN∗ A
1/2
p A
1/2
n egp fω
S11 1650 37 −36 −0.062 −0.047
N∗ MN∗ A
1/2
p A
1/2
n A
3/2
p A
3/2
n egp fω
P13 1720 48 −14 −39 −49 0.117 −5.63
F15 1680 −9 38 145 −24 −1.45 −34.97
TABLE III: Comparison of the absolute values of fωNN∗ coupling constants in this model and the
previous analysis by Riska and Brown [19], Post and Mosel [20], Luts, Wolf and Friman [36].
N∗(1440) N∗(1520) N∗(1535) N∗(1650) N∗(1680) N∗(1675) N∗(1700) N∗(1710) N∗(1720)
this
work 1.27 5.70 2.14 0.047 34.97 13.89 1.16 0.323 5.63
[19] 3.33 5.04 11.57 5.1 29.5 21.56 1.69 − 1.74
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[36] − 11.4 2.8 2.9 − − − − −
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FIG. 1: Diagrammatic representation of ω photoproduction mechanisms: (a) (pi, η) exchange,
(b,c) direct and crossed nucleon terms, (d,e) direct and crossed resonant terms.
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FIG. 2: Differential cross sections for γp → pω reaction as a function of t at Eγ = 1.23 GeV for
the models I (left panel), and II (right panel). The results are non-resonant channel (dot-dashed),
resonance excitation (dashed), and the full amplitude (solid). Data are taken from Ref. [34].
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FIG. 3: Beam asymmetry as a function of ω−meson production angle at Eγ = 1.175 GeV for the
two models. The thin solid line is the beam asymmetry for the non-resonant background, taken
separately. Data are taken from Ref. [35]
0 45 90 135 180
 θ [degree]
−0.5
0.0
0.5
Σ x
 
(I) BG + N*(1680)
(II) BG + N*(1680)
(II) BG + all N*
FIG. 4: Beam asymmetry as a function of ω production angle at Eγ = 1.175 GeV for the three
models for the coherent sum of non-resonant background and only F 5
2
+(1680) resonance. Notation
is the same as in Fig. 3
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FIG. 5: Differential cross sections for γp → pω reaction as a function of t at Eγ = 1.125, 1.175,
and 1.23 GeV. The results are from pseudoscalar-meson exchange (thin solid), direct and crossed
nucleon terms (short dashed), N∗ excitation (dashed), and the full amplitude (thick solid). Data
are taken from Ref. [34].
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FIG. 6: Beam asymmetry at Eγ = 1.125, 1.175, and 1.23 GeV as a function of ω− production
angle. The results are from the non-resonant background (BG) (dot-dashed), and the full amplitude
(solid). Data are taken from Ref. [35].
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FIG. 7: Target asymmetry at Eγ = 1.125, 1.175, and 1.23 GeV as a function of ω− production
angle. Notation is the same as in Fig. 6.
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FIG. 8: Recoil asymmetry at Eγ = 1.125, 1.175, and 1.23 GeV as a function of ω− production
angle. Notation is the same as in Fig. 6.
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FIG. 9: The ω−meson tensor asymmetry at Eγ = 1.125, 1.175, and 1.23 GeV as a function of
ω− production angle. The other notation is the same as in Fig. 6.
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FIG. 10: Beam-target asymmetry at Eγ = 1.125, 1.175, and 1.23 GeV as a function of ω−
production angle. Notation is the same as in Fig. 6.
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